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(54) Liquid crystal projection display system 

(57) A projection display system comprises a light 
source (112) that generates non-polarized light having 
at least two polarization states and having a first color 
component, a second color component, and a third 
color component. At least one color selection device 
(114) selectively transmits at different times one of the 
second and third color components. The system has at 
least four polarized light modulators (130, 132, 148, 
150), two of the light modulators (130, 148) each gener- 
ating a respective image associated with each respec- 
tive polarization state of the first color component, and 



two of the light modulators (132, 1 50) each generating a 
respective image associated with a respective polariza- 
tion state of one of the second and third color compo- 
nents transmitted by the color selection device (114). 
The system also has a projection lens (140) for project- 
ing the images from the polarized light modulators (130, 
132, 148, 150). Alternative projection display systems 
are disclosed, together with a method for projecting 
color images. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to projection display 
systems which use reflective spatial light modulators, 
and more specifically, to such systems which use two 
polarization states of light to produce color images. 
[0002] The system shown in FIG. 1 illustrates the 
essential components of the optical portion of a conven- 
tional projection display system having three reflective 
spatial light modulators in the form of liquid crystal dis- 
play (LCD) panels, also known as liquid crystal light 
valves (LCLV). The prior art system, depicted generally 
at 10 includes a light source 12, an illumination mecha- 
nism for collecting the light and concentrating it onto the 
light valves, shown generally at 14, a polarizing mecha- 
nism for polarizing the light, if the light valves modulate 
via polarization effects, shown generally at 1 6, a split- 
ting mechanism for splitting the illumination into three 
color bands to separately illuminate the three light 
valves, shown generally at 18, a recombining mecha- 
nism for recombining the three light distributions after 
reflecting from the light valves, shown generally at 20, 
and a projection mechanism for projecting the com- 
bined images onto a viewing screen, shown generally at 
22. 

[0003] Lamp 24 and lamp reflector 26 produce and 
concentrate the light for this system. A series of dichroic 
filters 28, 30 is used to split the light from the lamp 24 
into separate red, green, and blue components. The 
light in each of the three components, or channels, is 
then polarized with a polarizing beam splitter (PBS) 32, 
34, 36, and illuminates three separate LCDs, 38, 40, 42. 
The LCDs selectively modify the polarization of the light 
reflected from them allowing some portion of the light to 
pass back through the PBS. A second series of dichroic 
filters, 44, 46, is used to recombine the modulated light 
distributions and pass them on to a projection lens 48 
imaging all three LCDs onto the viewing screen. 
[0004] The configuration shown in FIG. 1 is func- 
tional and has been used to implement projection dis- 
play system products. However, one drawback of such 
systems is that they are inefficient, utilizing only one half 
of the light from the light source. This is a particular 
problem since the displays tend to be dim and it is 
desired to produce bright images using such displays. 
Polarization converters have been used to improve opti- 
cal throughput by converting the randomly polarized 
light from a light source to a single polarization state. 
However, such polarization converters are not entirely 
efficient and can introduce depolarization effects that 
can effect contrast, and also add additional complexity 
and cost. 

[0005] Another drawback of such systems is that 
color balance is often sacrificed to improve brightness 
of the projected image. For color displays, one aspect of 
picture quality is color temperature. This is a subjective 



evaluation, indicated by the "whiteness" of white. It is 
assumed by analogy to the photographic film industry 
that color temperature preferences follow certain geo- 
graphic patterns. For example, Americans seem to pre- 

5 fer a bluish white color temperature, while Europeans 
seem to prefer whatever color temperature provides a 
"truest" skin tone. It is desirable for a color display sys- 
tem to be able to provide whatever color temperature is 
preferred in a given market. Color balance has been 

io achieved conventionally by providing additional filtering 
to decrease the intensity of particular color compo- 
nents, thus correcting any imbalance in the light source. 
However, because image brightness is already a prob- 
lem in conventional display systems, it is often undesir- 

J5 able to further decrease brightness in order to achieve a 
more desirable color temperature. 
[0006] Yet another drawback of the prior art projec- 
tion display systems is that the large number of compo- 
nents in the architecture shown in FIG. 1 is 

20 cumbersome, and necessitates a relatively large physi- 
cal size of the system. Still another drawback to these 
systems is the requirement of a large back working dis- 
tance for the projection lens. 

[0007] The prior art projection display systems 
25 which have sought to provide full color images have not 
adequately addressed these drawbacks. Accordingly, 
there is still a need for a color projection display that effi- 
ciently transmits light of both polarization states through 
the projection display system to yield a bright image, 
30 that achieves the desired color temperature but that 
does not suffer from depolarization effects, that utilizes 
a small number of components in a small physical size 
of the system, and that has a relatively short back work- 
ing distance for the projection lens. 

35 

SUMMARY OF THE INVENTION 

[0008] The present invention overcomes the draw- 
backs of the prior art by providing in a first aspect a pro- 

40 jection display system comprising a light source that 
generates light having at least two polarization states 
and having at least a first color component, a second 
color component, and a third color component. The sys- 
tem has at least one color component selection device 

45 that selectively transmits at different times one of the 
second and third color components. The system has at 
least four polarized light modulators. Two of the light 
modulators each generate a respective image associ- 
ated with each respective polarization state of the first 

so color component. The other two light modulators each 
generate a respective image associated with each 
respective polarization state of one of the second and 
the third color components transmitted by the color 
component selection device. The system also has a 

55 projection lens for projecting the images from the polar- 
ized light modulators. 

[0009] In a second separate aspect of the invention, 
a projection display system comprises a light source 
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that generates non-polarized light having at least three 
color components. A color selection device selectively 
transmits different color components at different times. 
A polarization separator has a first optical path for light 
of a first polarization state and a second optical path for 5 
light of a second polarization state. Each of the optical 
paths produces respective images for each of the three 
color components. A projection lens projects the 
images. 

[0010] In another separate aspect of the invention, io 
a method is provided for displaying color images. First, 
light is generated having at least two polarization states 
and at least three color components. The second and 
third color components are selectively transmitted at dif- 
ferent times. Respective images associated with each 15 
of the respective polarization states of the first color 
component are generated. Respective images associ- 
ated with the respective polarization states of the sec- 
ond and third color components are generated at 
different times. The images are then projected through 20 
a projection lens. 

[0011] The various aspects of the invention have 
one or more of the following advantages. The projection 
display system has the advantage of increased optical 
efficiency (i.e., brighter output) by utilizing both polariza- 25 
tion states of the incident light. Thus, the system pro- 
vides a brighter projected image by improving the 
optical transmission from a single light source. In addi- 
tion, this system will have no depolarization effects 
caused by a polarization converter, which can effect 30 
optical throughput and cause a reduction in contrast. 
Another advantage of the invention is that a light source 
not necessarily having the desired color temperature 
can be used. This permits the light source to be 
selected on the basis of factors other than color temper- 35 
ature, such as heat, size, cost, and total light output 
intensity. Yet another advantage of the invention is that 
color temperature may be customized for different mar- 
kets. In general, the desired color temperature may be 
achieved by determining the amount of time during 40 
which different color components are transmitted 
through the projection display system. In addition, the 
display system may be manufactured to have a rela- 
tively small physical size, and also to have a relatively 
short back working distance for the projection lens. 45 
[001 2] The foregoing and other objectives, features, 
and advantages of the invention will be more readily 
understood upon consideration of the following detailed 
description of the invention, taken in conjunction with 
the accompanying drawings. so 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0013] 55 

FIG. 1 shows a schematic representation of a prior 
art projection display system. 



FIG. 2 is a schematic representation of the optical 
path of the projection system of the present inven- 
tion. 

FIG. 3 is a schematic representation of the optical 
path of an alternative embodiment of the projection 
system of the present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMODIMENTS 

[0014] The present invention simultaneously uses 
both polarization states of light from a light source to 
reconstruct an image by time modulating two color com- 
ponents of light onto two LCD's while continuously illu- 
minating two additional LCD's with a third color 
component. One advantage of this Invention is that it 
uses both polarization components of the white light 
produced by the light source (i.e., random or natural 
light) in order to produce the image. The use of both 
polarization states of light increases the optical effi- 
ciency of the system leading to a brighter output. 
[0015] Referring now to the figures, wherein like 
numerals refer to like elements, FIG. 2 shows a projec- 
tion display system 1 10 having light source 1 12 for pro- 
ducing randomly polarized white light. A rotating color 
wheel 114 separates the white light into different color 
components by transmitting different color components 
at different selected times. As used herein, a color com- 
ponent refers to a different color or spectral bandwidth, 
such as red, blue or green light components. It is to be 
understood that any set of wavelength ranges may be 
used for the color components, as desired. The wave- 
length ranges of the different color components may or 
may not overlap one another. Also, any number of color 
components may likewise be used, as desired. The 
color wheel 1 14 is divided into different segments, each 
segment transmitting and filtering different color compo- 
nents so that as the color wheel 114 rotates, different 
color components are transmitted at different times. In 
the embodiment shown in FIG. 2, the color wheel 1 1 4 is 
divided into two different segments: a yellow (green and 
red) section 116, and cyan (green and blue) section 
1 18. The color wheel 114 rotates so that as white light 
passes through the color wheel 114, the green color 
component will always be transmitted through both of 
color segments 116 and 118. However, the red color 
component will only pass through the color wheel 114 
through the yellow segment 1 1 6, while the blue color 
component will only pass through the color wheel 114 
through the cyan segment 118. Accordingly, the color 
wheel 114 modulates at least two of the color compo- 
nents by time. The output through the color wheel 1 1 4 is 
not polarized. 

[0016] The light passing through the color wheel 
1 14 then enters a polarization separator 120. that takes 
the randomly polarized white light and separates the 
light such that one polarization component of the light 
will be directed in one optical path while the other polar- 
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ization component will travel in another optical path. The 
different polarization states are preferably at 90° orien- 
tations, such as "s" and "p" linearly orthogonal polariza- 
tion states, but may be at any other suitable angle or 
relationship, as desired. Also, right- and left-handed cir- 5 
cular polarization states may be used. 
[0017] In the embodiment shown in FIG. 2, a polar- 
izing beam splitter 122 divides the light into two polari- 
zation components, reflecting the s component while 
transmitting the p component. Referring now to the path 10 
traveled by the s component, the polarizing beam split- 
ter 122 reflects all color components having s polariza- 
tion through a polarizer 124 which transmits only s 
polarized light. The function of the polarizer 124 is to 
improve the contrast of the system by eliminating light 15 
not having the desired polarization component that may 
have been incidentally reflected from polarizing beam 
splitter 122. 

[0018] The light then travels through a selective 
color component rotator 126. The selective color com- 20 
ponent rotator 1 26 rotates the polarization of the color 
components corresponding to the two color compo- 
nents which have been time modulated by the color 
wheel 114. That is, the color component rotator is a 
wavelength specific X/2 plate. For example, in the sys- 25 
tern shown in FIG. 2, the color component rotator 126 is 
a red/blue rotator, which rotates the polarization state of 
the red and blue color components from an s polariza- 
tion state to a p polarization state. Color component 
rotators, which rotate only certain wavelengths, or color 30 
component(s) of light, may be obtained from Color Link 
in Boulder, Colorado or Cambridge Research and 
Instrumentation in Cambridge, Massachusetts. Of 
course, in other embodiments the color component 
rotator could rotate only a single color component, such 35 
as the green color component, rather than the two time 
modulated color components as illustrated in FIG. 2 
[0019] The three color components then enter a 
polarizing beam splitter 128 that again reflects light in 
the s polarization state while transmitting light in the p 40 
polarization state. At this juncture, in the embodiment 
shown in FIG. 2, only the green color component is in 
the s polarization state, while the red and blue color 
components are in the p polarization state. The green 
light reflecting off of the polarizing beam splitter 1 28 is 45 
imaged using the reflective LCD panel 130. The 
reflected green component image is in the p polarization 
state, and is then transmitted through polarizing beam 
splitter 128. Similarly, the red and blue color compo- 
nents are transmitted through polarizing beam splitter so 
1 28 to the reflective LCD panel 1 32, which produces the 
blue and red images. The reflected blue and red color 
component images are in the s polarization state, which 
are then reflected by the polarizing beam splitter 128. 
Because the reflective LCD panels rotate the polariza- 55 
tion state of the incident light, the drive electronics pro- 
duce grey-level through polarization modulation. The 
reflective LCD drive electronics are synchronized to the 



rotation rate of the color wheel 1 14 and are designed to 
multiplex one of the LCD panels (e.g. the red/blue LCD 
panels 132) to a frame rate twice that of the other (e.g. 
the green LCD panel 130). For one cycle, or one com- 
plete rotation of the color wheel 1 14, the drive electron- 
ics produce a single image using LCD panel 130 to 
produce the green color component image. During the 
same cycle, the drive electronics produce a red image 
using the LCD panel 132 when the red color component 
is transmitted by the color wheel 114, and produce a 
blue image using the LCD panel 132 when the blue 
color component is transmitted by the color wheel 1 14. 
[0020] The respective images produced by the 
reflective LCD panels 130 and 132 are transmitted 
through another selective color component rotator 134, 
which, like rotator 126, rotates the polarization state of 
the modulated color components so that the three color 
components again have the same polarization state. 
The light then passes through an analyzer 136, which 
like the polarizer 124 is another polarization filter used 
to filter out the undesired polarization components and 
is useful for image contrast The three color compo- 
nents then are transmitted through polarizing beam 
splitter 138 to projection lens 140, which then projects 
the respective images. 

[0021] Returning to polarizing beam splitter 122, 
the light in the p polarization state transmitted through 
polarizing beam splitter 122 travels on a similar optical 
path. The three color components travel through a 
polarizer 142 and a selective color component rotator 
144 so that the light is divided such that the color com- 
ponent always transmitted by color wheel 1 14 is in one 
polarization state while the color components which are 
modulated by the color wheel 1 14 are in another polari- 
zation state. As shown in FIG. 2, the green color compo- 
nent is in the p polarization state, while the red and blue 
color components are in the s polarization state. Polar- 
izing beam splitter 1 46 transmits the green color com- 
ponent in the p polarization state while reflecting the red 
and blue color components in the s polarization state. 
Thus, the green color component is transmitted to the 
reflective LCD panel 148 while the red and blue color 
components are reflected toward the reflective LCD 
panel 150. The images reflected from the LCD panels 
148 and 150 are directed by the polarizing beam splitter 
146 to the color component rotator 152 and analyzer 
154, and then into polarizing beam splitter 138. Again, 
color component rotator 152 rotates the polarization 
state of the modulated color components, while ana- 
lyzer 154 filters out light which is not in the desired 
polarization state. 

[0022] Each polarization state, and consequently 
each optical path of separator 120, contains all of the 
color information (i.e., red, blue, and green color compo- 
nents). Each optical path of the separator 120 can inde- 
pendently produce an image, but since the two optical 
paths together utilize both polarization states, the 
present invention produces a brighter image as well as 
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obtains a higher polarization utilization factor. 
[0023] FIG. 3 shows an alternative embodiment in 
which an electrical, non-mechanical method for con- 
stantly transmitting one color component while modulat- 
ing the two other color components is provided. Instead 
of using a color wheel to transmit cyan (the green and 
blue color components) or yellow (the green and red 
color components) to the input of the separator 1 20\ an 
alternative method uses electrically addressable, polar- 
ization selective color filter switches 156 and 158 in the 
separator 120'. Such devices are available from Color 
Link in Boulder, Colorado, Cambridge Research and 
Instrumentation in Cambridge, Massachusetts, and Dis- 
playtech, Inc. located in Longmont, Colorado. Separator 
120' is identical to the separator 120 of FIG. 2 except for 
the addition of optical switches 156 and 158. Each opti- 
cal switch 156 and 158, with the appropriate linear 
polarizers, selectively transmits different color compo- 
nents at different times. The optical switches 156, 158 
are synchronized to the LCD panels so that the 
switches 156, 158 transmit the color components corre- 
sponding to the color component images produced by 
the LCD panels. In the embodiment shown in FIG. 3, 
optical switches 156, 158 transmit either yellow or cyan 
wavelengths and are synchronized to transmit yellow 
(the green and red color components) when the 
blue/red LCDs 132 and 150 display red information and 
switched to transmit cyan (green and blue) when the 
blue/red LCDs 132 and 150 display blue information. 
Thus, the optical switches 156 and 158 allow continu- 
ous transmission of the green color component while 
time modulating the red and blue color components. 
[0024] For each of the embodiments described 
herein, the choice of modulating the blue and red color 
components and continuously transmitting the green 
color component was selected for exemplary purposes. 
Any other combination of colors/wavelengths is equally 
valid for this optical approach. The decision to use a 
mechanical system (as in FIG. 2) or an electro-optical 
system (as in FIG. 3) will be governed by performance 
issues and product design considerations. 
[0025] The present invention has the significant 
advantage of allowing optimization of the color temper- 
ature as well as the improved light efficiency of the pro- 
jection display system. Color balance may be achieved 
by varying the amount of time each color component is 
transmitted relative to the other color components. 
Thus, different color components may be displayed for 
different lengths of time. For a light source that is defi- 
cient in one color component, the system may continu- 
ously transmit that color component while time 
modulating the two other color components. For exam- 
ple, in the system shown in FIG. 2, if the light source is 
deficient in the green color component, the system can 
provide a more pleasing color temperature by transmit- 
ting the green color component continuously while mod- 
ulating the red and blue color components. Additionally, 
other adjustments may be made by varying the areas of 



the segments 1 1 6 and 1 1 8 of the color wheel 1 1 4. For 
example, it may be desirable to achieve a more pleasing 
color temperature by increasing the amount of the red 
color component relative to the blue color component. 

5 This may be achieved by increasing the area of the yel- 
low segment 116 and decreasing the area of the cyan 
segment 1 1 8, and by adjusting the drive electronics for 
the LCD panels 132, 150, accordingly, to synchronize 
the LCD panels to the transmission of the various color 

;o components. Thus, by adjusting the relative areas of the 
segments 116 and 1 1 8, the color temperature may be 
adjusted. Moreover, additional filter segments could be 
added to the color wheel 1 14 to transmit only one color 
component at a particular time, or no light, to provide for 

75 further adjustments. 

[0026] With respect to the embodiment shown in 
FIG. 3, color balance may be achieved by adjusting the 
electrical drives for the optical switches 156, 158 so that 
the optical switches 156, 158 transmit one of the color 

20 components for a longer period of time than another 
color component. For example, the optical switches 
156, 158 may transmit the red color component for a 
longer period of time than the blue color component. 
The drive electronics for LCD panels 132, 150 are 

25 adjusted accordingly to produce red and blue images 
when the red and blue color components are being 
transmitted. By manipulating the relative amount of time 
during which the different color components are trans- 
mitted, and adjusting the drive electronics of the LCD 

30 panels accordingly, the desired color balance may be 
achieved. 

[0027] The terms and expressions which have been 
employed in the foregoing specification are used therein 
as terms of description and not of limitation, and there is 
35 no intention, in the use of such terms and expressions, 
of excluding equivalents of the features shown and 
described or portions thereof, it being recognized that 
the scope of the invention is defined and limited only by 
the claims which follow. 

40 

Claims 



1 . A projection display system comprising: 

45 (a) a light source (112) that generates gener- 

ally non-polarized light having a first color com- 
ponent, a second color component, and a third 
color component; 

(b) at least one color selection device (114) that 
so selectively transmits at different times one of 

said second and third color components; 

(c) at least two pair of polarized light modula- 
tors (130, 132, 148, 150), one of said pair of 
light modulators (130, 148) generating respec- 

55 t'rve images associated with respective polari- 

zation states of said first color component, and 
the other of said pair of light modulators (132, 
150) generating respective images associated 
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with respective polarization states of one of 
said second and third color components trans- 
mitted by said color selection device (114); and 
(d) a projection lens (140) for projecting said 
images from said polarized light modulators 
(130, 132, 148, 150). 

2. The projection display system of claim 1 wherein a 
portion of one of said color components overlaps a 
portion of another of said color components. 

3. The projection display system of claim 1 wherein 
each of said color components is free from overlap- 
ping another of said color components. 

4. The projection display system of claim 1 wherein 
said color selection device (114) is a color wheel. 

5. The projection display system of claim 1 wherein 
said color selection device (114) is an optical 
switch. 

6. The projection display system of claim 1, further 
comprising a selective color component rotator 
(126, 134, 144). 

7. The projection display system of claim 1 wherein 
said color selection device (1 1 4) transmits said sec- 
ond color component for a first time period, said 
color selection device (114) transmits said third 
color component for a second time period, and said 
first time period is different than said second time 
period. 

8. The projection display system of claim 1, further 
comprising drive electronics synchronized to said 
color selection device (1 14). 

9. The projection display system of claim 8 wherein 
said drive electronics drives said two pair of polar- 
ized light modulators (130, 132, 148, 150) at differ- 
ent respective frame rates. 

10. A projection display system comprising: 

(a) a light source (112) that generates non- 
polarized light having at least a first color com- 
ponent and a second color component; 

(b) at least one color selection device (1 1 4) that 
selectively transmits at different times said sec- 
ond color component; 

(c) at least four polarized light modulators (130, 
132, 148, 150), two of said light modulators 
(130, 148) each generating a respective image 
associated with a respective polarization state 
of said first color component, and two of said 
light modulators (132, 150) each generating a 
respective image associated with a respective 



polarization state of said second color compo- 
nent; and 

(d) a projection lens (140) for projecting said 
Images from said polarized light modulators 
5 (130, 132, 148, 150). 

11. The projection display device of claim 10 wherein 
said color selection device (114) is a color wheel. 

io 12. The projection display system of claim 10 wherein 
said color selection device (114) is an optical 
switch. 

13. The projection display system of claim 10, further 
15 comprising a selective color component rotator 

(126, 134, 144). 

14. A projection display system comprising: 

20 (a) a light source (112) that generates non- 

polarized light having at least three color com- 
ponents; 

(b) a color selection device (114) that selec- 
tively transmits different color components at 

25 different times; 

(c) a polarization separator (130, 132, 148, 
1 50) having a first optical path for light of a first 
polarization state and a second optical path for 
light of a second polarization state, each of said 

30 optical paths producing respective images for 

each of said three color components; and 

(d) a projection lens (140) for projecting said 
images. 

35 15. The projection display system of claim 14 wherein 
said color selection device (1 1 4) is a color wheel. 

16. The projection display system of claim 14 wherein 
said color selection device (114) is an optical 

40 switch. 

17. The projection display system of claim 14 wherein 
each optical path further comprises a selective 
color component rotator (126, 134, 144). 

45 

18. The projection display system of claim 14 wherein 
each optical path further comprises a plurality of 
polarized light modulators (122, 128, 138, 146). 

so 19. A method for projecting color images, comprising: 

(a) generating light that has at least two polari- 
zation states and a first color component, a 
second color component, and a third color 

55 component; 

(b) selectively transmitting at different times 
said second and third color components; 

(c) generating a respective image associated 
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with each respective polarization state of said 
first color component, and generating at differ- 
ent times a respective image associated with 
each respective polarization state of said sec- 
ond and third color components; and 5 
(d) projecting said images through a projection 
lens. 

20. The method of claim 1 9 wherein light of a first polar- 
ization state is transmitted along a first optical path 10 
and light from a second polarization state is trans- 
mitted along a second optical path. 

21 . The method of claim 1 9, further comprising the step 

of selectively changing one color component from a 15 
first polarization state to a second polarization state 
while maintaining another color component in said 
first polarization state. 

22. The method of claim 19 wherein a color wheel 20 
selectively transmits said second and third color 
components. 

23. The method of claim 1 9 wherein an optical switch 
selectively transmits said second and third color 25 
components. 
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